Objective-To simultaneously record tracheal and oesophageal pH in mechanically ventilated children to determine: (1) the feasibility and safety ofthe method; (2) the incidence of gastro-oesophageal reflux (GOR) and pulmonary contamination; and (3) (Arch Dis Child 1996;75:46-50) 
(20%) without clinical evidence of pulmonary aspiration. Episodes of tracheal reflux were associated with a GOR index > 10% (p < 0.01) and were more frequent with a maximal inspiratory pressure of <25 cm H20 (p = 0.03), but were not related to the indication for mechanical ventilation, whether the endotracheal tube was cuffed or not, age, or drug treatment. Conclusions-Simultaneous tracheal and oesophageal pH monitoring was feasible in the setting of this study. Tracheal reflux can occur without pathological GOR, and GOR may occur without tracheal reflux. Further prospective studies in larger groups of patients are now justified.
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The relationship between gastro-oesophageal reflux (GOR) and respiratory disease has been known for some time.' Pulmonary aspiration may cause pneumonia and bronchospasm, and plays a part in the pathogenesis of bronchopulmonary dysplasia."3A high incidence in GOR has been demonstrated in ventilated adult patients, particularly during enteral feeding and in supine position,4 5 but data in children are limited and varied.8 Furthermore, in all these studies, no proof of pulmonary aspiration was provided. Thus, the deleterious effect of GOR during mechanical ventilation remains unclear.
Methods to document aspiration of gastric contents include direct sampling of tracheobronchial secretions for lipid laden macrophages,'" lactose,'2 13 or glucose.'4 Radioactivity in secretions may be used to detect aspiration of technetium-99m(`mTc) administered intragastrically.'5 '7 Evans blue placed on the tongue allows detection of oropharyngeal contents.'120 These methods do not allow longitudinal monitoring and have a high incidence of false positive results.' As pH monitoring is reported as the 'gold standard' of GOR investigations,2' we speculated that tracheal pH recording, not hitherto evaluated during controlled ventilation,2223 could be useful to document aspiration. Therefore, the purpose of this prospective study was to simultaneously record tracheal and oesophageal pH in mechanically ventilated children to determine: (1) the feasibility and safety of the method; (2) the incidence of GOR and pulmonary contamination; and (3) their associated risk factors.
Patients and methods PH MONITORING Antimony electrodes were chosen as they are robust and were available with a 1.2 mm external diameter, smaller than available glass pH electrodes, although the latter may be more accurate.2' Our aim was to monitor tracheal pH below the endotracheal tube. Before beginning the study we measured the effect of the tracheal antimony microelectrode (prototype with a 1.2 mm external diameter) upon airway resistance in a 3 mm internal diameter 25 through the suspected mechanism of mucous plug formation, but we saw no evidence of this. In our patients, GOR was present in 40% and tracheal reflux in 20%. We may have underestimated GOR with the shorter duration of monitoring in 13 of our children. 21 As confidence in our technique grew, the presence of an intensivist was no longer thought to be necessary throughout the recording period, and for the last eight patients prolonged surveillance was performed.
Incidence of GOR in mechanically ventilated patients has been reported as 37% in 51 critically ill adults with a nasogastric tube,4 74% (37/50) in orally intubated adults with a nasogastric tube, and 35% (7/20) in those without a nasogastric tube.5 Incidence of GOR was 14% in 28 children, who ranged in age from 2 weeks to 2 years, with a nasogastric tube6 and 36% in 42 ventilated and parenterally fed preterm infants.7 Numerous factors are suspected to induce GOR in critically ill patients" 16: coma, supine position, cough, presence of a nasogastric tube, use of an uncuffed endotracheal tube, and drugs that modify tonicity of the lower oesophageal sphincter such as benzodiazepines and morphine.' 5 16 26 Conversely, GOR seems to be less frequent when neuromuscular blocking agents are used.6 In our study, GOR was more frequent with an uncuffed endotracheal tube, but there was no relationship between age, drugs, and incidence of GOR. In premature neonates, GOR index was significantly higher during spontaneous ventilation than during mechanical ventilation.8 Like others,7 27 we found no relationship between the incidence of GOR and the ventilator settings.
Incidence of aspiration in intubated patients has been reported with ranges from 11 % to 80% depending on the method used, the presence or not of a nasogastric tube and a cuffed endotracheal tube.28 Several methods detecting aspiration have been proposed. By measuring radioactivity hourly over eight hours in tracheal secretions after the injection of 9`mTc sulphur colloid in the nasogastric tube, incidence of tracheobronchial contamination was 42% in 31 ventilated neonates.'5 16 With the same method, incidence of aspiration in 25 adults fitted with an endotracheal tube and a nasogastric tube was 32%." Detection of aspiration by lactose assay in tracheal fluid has been proposed in ventilator dependent infants: 14% (6/42) had a lactose concentration highly suggestive of aspiration, and 48% (20/42) had questionably positive samples.'2 The sensitivity and specificity of this method are unknown. Recently, measurement of glucose in tracheal secretions has been shown to be inaccurate to detect aspiration in intubated enterally fed adults. 14 With Evans blue placed on the patient's tongue incidence of aspiration was 50% in 22 Tracheal reflux was arbitrarily defined, according with the poor data from the literature. 22 23 As proposed in GOR,29 we have studied different cut off limits (4, 4.5, and 5), and taken into account a decrease of one unit from the baseline. A threshold of pH 4 seems satisfactory, and altering the criteria did not allow the identification of other children with tracheal reflux. The short duration of all but one episode of tracheal reflux in our four children might indicate that acid aspiration was rapidly buffered by tracheobronchial secretions. One child with tracheal reflux had no pathological GOR; this accords with the finding of 'normal' GOR with hypopharyngeal reflux,'0 and indicates the risk of tracheal reflux even with minimal GOR.
Theoretical risk factors for aspiration in ventilated patients are numerous.7 3132 Like Demont et all16 we found no relationship between aspiration and age. In contrast to Browning and Graves, who observed a 77% incidence of aspiration with an uncuffed endotracheal tube versus a 1 1 % incidence with a cuffed one,'9 we found no relationship between the incidence of tracheal reflux and the type of endotracheal tube. It has been demonstrated in adults that a cuffed endotracheal tube does not prevent aspiration."2 In our study and that from Demont et al,'6 aspiration was more frequent when Pi max was low ( < 25 cm H20 and < 20 cmH2O respectively). Conversely, Goodwin et al'" and Goitein et af20 did not observe such a relationship. Our patients were explored in the supine position that favours aspiration. In mechanically ventilated adults, radioactivity recovered in endobronchial aspirates while patients were semirecumbent was significantly lower than that found while patients were in the supine position.'2 In the study of Ibain-ez et al less GOR was seen in semirecumbent patients, but this was not significant. 5 In conclusion, pathological GOR is not necessary for aspiration to occur in the child receiving mechanical ventilation with a cuffed or uncuffed endotracheal tube. GOR does not imply aspiration, confirming previous studies, performed in non 
